Introduction Breast cancer survivors experience diminished health-related quality of life (HRQOL). We report on the influence of tai chi chuan exercise (TCC) on HRQOL and explore associations between changes in HRQOL and biomarkers. Methods Breast cancer survivors (N=21) were randomly assigned to TCC or standard support therapy (SST) for 12 weeks (three times/week; 60 min/session). Interleukin-6, interleukin-8 (IL-8), insulin-like growth factor-1 (IGF-1), insulin-like growth factor-binding protein (IBFBP)-1, IGFBP-3, glucose, insulin, and cortisol were measured pre-and postintervention. Overall HRQOL and subdomains were assessed at preintervention (T1), midintervention (T2) and postintervention (T3) and biomarkers at T1 and T3. Results The TCC group improved in total HRQOL (T1-T2: CS=8.54, P=0.045), physical functioning (T1-T2:CS=1.89, P=0.030), physical role limitations (T1-T2 CS=1.55, P= 0.023), social functioning (T1-T3:CS=1.50, P=0.020), and general mental health (T1-T2:CS=2.67, P=0.014; T1-T3: CS=2.44, P=0.019). The SST improved in social functioning (T1-T2:CS=0.64, P=0.043) and vitality (T1-T2:CS= 0.90, P=0.01). There were relationships between changes in IGF-1 and overall HRQOL (r=−0.56; P<0.05), physical role limitation (r= −0.68; P < 0.05), and social functioning (r=−0.56; P<0.05). IGFBP-1 changes were associated with physical role limitation changes (r=0.60; P<0.05). IGFBP-3 changes were associated with physical functioning changes (r=0.46; P≤0.05). Cortisol changes were associated with changes in physical role limitations (r=0.74; P<0.05) and health perceptions (r=0.46; P<0.05). Glucose changes were associated with emotional role limitation changes (r=−0.70; P<0.001). IL-8 changes were associated with emotional role limitation changes (r=0.59; P<0.05). Discussion/conclusions TCC may improve HRQOL by regulating inflammatory responses and other biomarkers J Cancer Surviv (2012) 
Introduction
Breast cancer is the most common type of cancer, aside from skin cancer, in women in the USA [1] . Treatment for breast cancer often includes, alone or in combination, surgery, chemotherapy, radiation therapy, and hormone therapy. Although nearly 89% of women survive at least 5 years after diagnosis [1] , treatment side effects can be debilitating and persistent, lasting months to years following diagnosis and treatment. It is important to consider not only clinical outcomes following cancer treatment, such as the likelihood of recurrence and survival, but also the impact of cancer and cancer treatment on function and wellbeing. Side effects from breast cancer and its treatments include cancer-related fatigue [2, 3] , cognitive impairment [4, 5] , impaired sleep quality [6, 7] , depression [8] [9] [10] , anxiety, and stress stemming from fear of recurrence [9, 10] , bone loss [11, 12] , reduced functional capacity [13] , weight gain [14, 15] , and reduced muscular strength and endurance [13] , all of which ultimately affect quality of life (QOL). Fatigue and cognitive impairment, in particular, reduce QOL, with symptoms lasting beyond 10 years in a subset of breast cancer survivors [16, 17] .
These side effects or late effects have been linked with dysregulated inflammatory and metabolic processes. For example, research has shown that insulin and insulin-like growth factors and binding proteins are linked with increased adiposity and weight gain with loss of lean muscle mass among breast cancer survivors [18] [19] [20] . Proinflammatory cytokines including interleukin-6 (IL-6) and interleukin-8 (IL-8) are produced at high levels in the tumor microenvironment [21, 22] and are also expressed at high rates during radiation and chemotherapy [22, 23] . They are implicated in the development of fatigue, cognitive impairment, and sleep disturbance in cancer survivors [24] . Additionally, chronic inflammation may be the result of dysregulated hypothalamic-pituitary-adrenal (HPA) axis, as recent studies have shown cancer patients and survivors have either flatted or aberrant cortisol rhythm [25] and fatigued breast cancer survivors in particular have lower morning serum cortisol [26] . Stress can result in the failure of the HPA to counterregulate the immune system which can cause a host of metabolic and inflammatory alterations [27] . Molecules involved in glucose metabolism have also been associated with cancer-and cancer treatment-related side effects. For example, insulin-like growth factor-1 (IGF-1), which stimulates mitosis [28] , inhibits apoptosis [29] , is associated with breast cancer risk [30, 31] , and ultimately may play a role in reduced physical function and fatigue. Bone loss is common in breast cancer survivors during and following treatment [32, 33] . In breast cancer survivors participating in a tai chi chuan exercise (TCC) intervention, changes in bone markers are correlated with inflammatory cytokines and growth factors, such as insulin-like growth factor-binding protein (IGFBP) -1 and IL-6 [34] .
It stands to reason that these dysregulated metabolic and inflammatory processes may be the underlying mechanisms that explain different aspects of QOL that would be significantly influenced by these late effects. For example, health-related QOL (HRQOL), which encompasses health concepts such as physical functioning, physical role limitations, bodily pain, social functioning, general mental health which includes psychological distress and psychological well-being, emotional role limitations, vitality (energy/fatigue), and general health perceptions [35] , would most likely be effected by dysregulated metabolic and inflammatory processes. Figure 1 depicts the possible relationships between biomarkers and HRQOL. Cytokines such as IL-6 and IL-8, produced during treatment, may result in symptoms such as fatigue and anxiety, which, in turn, impact HRQOL. Cortisol dysregulation, due to HPA axis dysfunction, may result in a multitude of side effects including fatigue, which may impact HRQOL. Stress may result in HPA dysregulation and contribute to fatigue. Dysregulation of mediators of glucose metabolism, such as insulin, IGF-1, and glucose, may lead to weight gain, ultimately reducing HRQOL. Bone loss due to breast cancer treatment increases the fracture risk [36] , which can impair HRQOL.
Tai chi chuan has been found to be beneficial in those without a history of cancer for stress reduction, as assessed by salivary cortisol [37] , reducing anxiety [38] , and may boost the immune system [39] . Additionally, tai chi chuan can reduce blood pressure [38] , favorably change the lipid profiles [38] , and improve postural control [40, 41] and functional status [42] . Research also shows tai chi chuan may reduce systemic inflammation in older adults with high levels of IL-6 [43] . Tai chi chuan can reduce cardiovascular risk factors in those with dyslipidemia [44] . Previous research in breast cancer survivors has shown that tai chi chuan improves functional capacity [45] , QOL [46] , and self-esteem [47] and can regulate growth factors and binding proteins associated with weight gain and bone loss [34, 48] .
No studies to date have shown whether these inflammatory markers, growth factors, or binding proteins are associated with HRQOL. Therefore we are conducting a secondary data analysis to determine how HRQOL and biomarkers change due to a 12-week tai chi chuan intervention and investigate the relationship between HRQOL and biomarkers.
Materials and methods
This is a phase II randomized controlled trial employing a traditional randomized controlled design. The results of this study have been previously reported [34, [45] [46] [47] .
Study population
Breast cancer survivors were recruited by the Behavioral Health and Fitness Laboratory at the University of North Carolina Greensboro, Moses Cone Regional Cancer Center, and by the American Cancer Society through local mailings, flyers, and physician referrals. The principal investigator contacted those who expressed interest and provided a detailed explanation of the study and screened interested individuals for inclusion. In order to be eligible for participation, patients had to meet the following criteria: (1) female, (2) primary diagnosis of breast cancer stages 0-IIIb, (3) treatment completed more than 1 month prior but less than 30 months prior, (4) no drainage tubes or catheters, (5) not taking part in moderate or vigorous physical activity more than once a week, (6) physician's permission for aerobic fitness testing and exercise, (7) physically able to participate in an exercise regimen, and (8) no clinical diagnosis of any mental disorder, as defined by the use of psychotropic drugs and self-report. The institutional review board at the University of North Carolina Greensboro approved the study [47] .
Design and procedures
Participants were randomly assigned to either the TCC exercise group or a standard support therapy control (SST) group for the 12-week intervention. Randomization was achieved by the flip of a coin with group assignment concealed from participants until baseline assessments were completed. Baseline assessments included patient report questionnaires assessing HRQOL, clinical record information, demographics, as well as a fasting blood draw to assess biomarkers, including IL-6, IL-8, IGF-1, IGFBP-1, IGFBP-3, glucose, insulin, and cortisol. Baseline assessments were completed within 2 days prior to the start of the intervention. HRQOL was assessed again at 6 weeks (midintervention) and 12 weeks (postintervention). Biomarkers were assessed again at 12 weeks. During the 12-week intervention, participants in each study arm met with their respective groups for 60 min three times per week. The sessions took place in separate classrooms in the Behavioral Health and Fitness Laboratory at the University of North Carolina Greensboro at the same time of day for the duration of the trial. An American College of Sports Medicine certified health and fitness instructor with previous experience led the TCC sessions. Sessions consisted of a 10-min warm-up, 40 min of Yang-style tai chi chuan using the 15-move short form which are the first 15 moves of the traditional 104-move long form, and 10 min of guided breathing, imagery, and meditation. The psychosocial therapy control group was facilitated by a master's trained counselor and supervised by a graduate exercise psychology student. Spiegel's supportive-expressive group therapy model [49] was followed, and emphasis was placed on behavioral coping skills, group cohesion, and peer support. Participants in both groups were instructed to maintain their current level of physical activity outside of the TCC intervention. Self-report data were used to assess compliance with instructions. Fig. 1 Relationship between health-related quality of life and biomarkers none), age, height, weight, race, employment history, household income, educational background, and partnered status.
Measures

Demographics and related medical information
Health-related quality of life
Health-related quality of life was assessed using the MOS SF-36 which was developed for use in clinical research [35] . The MOS SF-36 is a patient report instrument used to determine medical care outcomes related to perceived health and biopsychosocial functioning. The multiscale MOS SF-36 measures eight health concepts: physical functioning, physical role limitations, pain, social functioning, general mental health, emotional role limitations, vitality, and general health perceptions [35] . Physical functioning was assessed with 10 items, and scores range from "limited a lot in performing all physical activities including bathing or dressing" to "performs all types of physical activities including the most vigorous without limitations due to health" [35] . Physical role limitations was assessed using four items, and scores ranged from "problems with work or other daily activities as a result of physical health" to "no problems with work or other daily activities as a result of physical health, past 4 weeks" [35] . Pain frequency and severity were assessed with two items, and scores ranged from "very severe and extremely limiting pain" to "no pain or limitations due to pain, past 4 weeks" [35] . Social functioning was assessed with two items, and scores ranged from "extreme and frequent interference with normal social activities due to physical and emotional problems" to "performs normal social activities without interference due to physical or emotional problems, past 4 weeks" [35] . General mental health was assessed with five items, and scores ranged from "feelings of nervousness and depression all of the time" to "feels peaceful, happy, and calm all of the time, past 4 weeks" [35] . Emotional role limitations were assessed with three items, and scores ranged from "problems with work or other daily activities as a result of emotional problems" to "no problems with work or other daily activities as a result of emotional problems, past 4 weeks" [35] . Vitality was assessed with four items and was scored from "feels tired and worn out all of the time" to "feels full of pep and energy all of the time, past 4 weeks" [35] . Lastly, general health perception was scored using five items, and scores ranged from "believes personal health is poor and likely to get worse" to "believes personal health is excellent" [35] .
Biomarkers
Blood samples were collected during a fasted state pre-and postintervention and centrifuged to allow serum collection. Serum samples were aliquoted and stored at −80°C.
Commercially available enzyme-linked immunosorbent assays and radioimmunoassays from Becton Dickinson, Franklin Lakes, New Jersey, and Diagnostic Systems Laboratories, Inc., Webster, Texas, were used to determine the serum concentrations of IL-6, IL-8, IGF-1, IGFBP-1, IGFBP-3, glucose, insulin, and cortisol.
Statistical analyses
Data analyses were conducted using SPSS PASW version 18 software. All statistical tests were performed at a twotailed 5% level of significance. Patient data were analyzed on an "intent-to-treat" basis. Assumptions underlying all analyses were checked, no outliers or influential data were found, and therefore analyses included all evaluable patients. Missing data were minimal, and no imputations were necessary for analyses. Descriptive statistics, frequency distributions, means, mean change scores, and standard deviations for measures were assessed in the two study arms. Independent samples t tests were used to compare baseline characteristics of the two groups. Repeated measures ANOVAs were used to assess change over time in HRQOL and in biomarkers. Pearson correlations were used to assess associations change scores, from pre-to postintervention, for health-related quality of life and changes scores, from pre-to postintervention, for biomarkers.
Results
Participants
Seventy-five women expressed interest in the study and were contacted by the principal investigator who determined eligibility. Of the 75 women who expressed interest, 35 met eligibility requirements and were randomized to the TCC or SST group. Twenty one of the participants completed the study. Six participants in the TCC and four in the SST group dropped out of the study for reasons including severe side effects from the treatment, time constraints due to work or family obligations, and dissatisfaction with the group to which they were assigned. Participants randomly assigned to the SST group were offered 4 weeks of TCC following the 12-week intervention. There were no significant differences between groups at baseline in demographic or clinical (treatment) variables. The demographic variables have previously been presented [34, [45] [46] [47] . Participants were, on average, 53 years old, 147 lb, and had a body mass index of 24.93 kg/m 2 . Participants were diagnosed with nonmetastatic breast cancer, and all underwent surgical treatment, followed by chemotherapy in 84%, radiation in 61%, and hormonal therapy in 56%. See Table 1 for baseline participant characteristics.
Intervention and adherence
The 11 TCC participants who completed all study requirements had an adherence rate of 72% to the exercise intervention, completing 100% of TCC activities when in attendance. SST attendance was slightly lower, with 10 participants completing all study requirements and attending 67% of sessions. All participants (n=11) in the TCC intervention group reported adhering to the request to maintain their current level of physical activity outside of the TCC intervention, while 80% (n=8) of women in the psychosocial therapy control group complied and 20% (n= 2) reported beginning or increasing an aerobic walking program. Two participants from the TCC group and one participant from the SST group did not provide blood samples for biomarker analysis, therefore analyses are conducted on nine TCC and 10 SST participants.
Health-related quality of life Baseline, midintervention (6 weeks), and postintervention (12 weeks) means±SEM for all HRQOL domains are presented in Table 2 . Total HRQOL significantly improved in the TCC group from pre-to midintervention (P=0.045) but not from pre-to postintervention or mid-to postintervention. There were no significant changes over time in the SST group (see Fig. 2 ). Physical functioning significantly improved in the TCC group from pre-to midintervention (P=0.030), and there was a statistical trend for improvements in physical functioning from pre-to postintervention (P=0.062). There were no significant changes over time in the SST group, but there was a slight reduction in physical functioning from pre-to postintervention. Physical role limitations significantly improved in the TCC group from pre-to midintervention (P=0.023) with a statistical trend towards improvements from mid-to postintervention (P=0.094). There were no significant changes over time in the SST group. There was no significant improvement in pain across time in either group. There was a trend towards a significant improvement in social functioning in the TCC group from pre-to midintervention (P=0.078) and a significant improvement from pre-to postintervention (P=0.020). There was a significant improvement in social functioning in the SST group from pre-to midintervention (P=0.043).
General mental health significantly improved in the TCC group from pre-to midintervention (P=0.014) and from pre-to postintervention (P=0.019). There were no significant changes over time in the SST group. Emotional role limitations did not improve in either group. There was a statistical trend toward improvement in vitality in the TCC group from pre-to midintervention (P=0.061) and a significant improvement in the SST group from pre-to midintervention (P=0.010). General health perceptions did not improve over time in either group.
Biomarkers
Baseline and postintervention (12 weeks) means±SEM for all biomarkers are presented in Table 2 . There were no significant changes over time in either group in IL-6, IL-8, IGF-1, IGFBP-1, IGFPB-3, and cortisol. There was a statistical trend for an increase in glucose among the TCC participants but not among the SST participants. There was a statistical trend toward an increase in insulin among the SST participants (P= 0.08), but not among the TCC participants (P=0.56).
Relationship between HRQOL and biomarkers
Analyses demonstrated an inverse relationship between changes, from pre-to postintervention, in IGF-1 and overall HRQOL (r = −0.56; P= 0.02), role limitations due to physical health problems (r = −0.68; P= 0.001), social functioning (r=−0.56; P=0.02), and a statistical trend for vitality (r=−0.44; P=0.06). Changes in IGFBP-1 from preto postintervention were directly correlated with changes in role limitations due to physical health problems (r=0.60; P =0.007). Changes in IGFBP-3 from pre-to postintervention were directly correlated with changes in physical functioning (r=0.46; P=0.05). Changes in glucose from pre-to postintervention were inversely associated with role limitations due to emotional problems (r=−0.70; P=0.001). Changes in cortisol from pre-to postintervention were 
Discussion
The purpose of this secondary data analysis was to assess the effect of a TCC intervention on HRQOL and markers of inflammation in breast cancer survivors who had completed standard breast cancer treatment. This preliminary investigation presents promising results regarding the efficacy of tai chi for the improvement of HRQOL in breast cancer survivors. Participants in the TCC group improved throughout the course of the 12-week intervention in numerous components of HRQOL, including total HRQOL, physical functioning, physical role limitations, social functioning, and general mental health. The only significant improvements in the SST group were in social functioning and vitality. The lack of more improvements in HRQOL in the SST group is somewhat surprising since participants in the SST group attended the supportive-expressive group therapy sessions three times per week for 12 weeks. While we do not know why, we can speculate that the women in our study were not experiencing enough distress per our inclusion criteria, with recent studies showing that supportive-expressive therapy was less effective for women with primary breast cancer [50] . Tai chi, despite being of low to moderate aerobic intensity, still resulted in improvements in physiological components of HRQOL, in particular physical functioning and role limitations due to physical health problems. Additionally, we began with a relatively "psychologically healthy" group of breast cancer survivors based on our criteria which excluded women with a self-reported clinical diagnosis of any mental disorder, as defined by the use of psychotropic medications and self-reported history. Despite this, we found improvements in social functioning, general mental health, and overall HRQOL. This leads us to hypothesize that using a more broad inclusion criteria may result in greater improvements in HRQOL.
We also found some interesting relationships between components of HRQOL and inflammatory markers. The mechanism by which cancer and its treatments result in reduced HRQOL may include altered inflammatory and metabolic profiles. Exercise interventions have proven effective for reducing low-grade inflammation and may attenuate treatments side effects through the regulation of inflammatory cytokines. We found an inverse relationship between changes in IGF-1 and changes in overall healthrelated quality of life, physical role limitations, and social functioning. Changes in IGFBP-1 and IGFBP-3, binding proteins for IGF-1, were correlated with changes in physical role limitations and physical functioning, respectively. Changes in cortisol were directly associated with changes in physical role limitations. Cortisol dysregulation occurs in fatigued breast cancer survivors [25, 26] , so this association between cortisol change and physical role limitation may be explained by the underlying role on fatigue. Lastly, changes in emotional role limitations were inversely related to changes in glucose and directly related to changes in IL-8.
This hypothesis-generating study supports further investigation into the relationships between HRQOL, cytokines, and metabolic processes during and following exercise interventions for cancer survivors. However, there are limits to this study. First, the small sample size limited our ability to elucidate changes from pre-to postintervention. Additionally, the use of breast cancer survivors alone limits the Fig. 2 Mean change in healthrelated quality of life assessed using the multiple outcomes study short form-36 generalizability of these results to a more broad population of cancer survivors. This work needs to be replicated in future large, randomized controlled trials of various types of cancer survivors at various points throughout the cancer continuum to identify relationships between inflammatory mediators, metabolic processes, and QOL in cancer survivors. Lastly, due to the voluntary nature of this study, participants who choose to participate may have been more motivated than those who did not.
Despite these limitations, these promising results lead us to believe that tai chi chuan, an enjoyable and wellaccepted exercise intervention with proven mental and physical benefits, is safe and effective for breast cancer survivors. It is important to find exercise interventions that are beneficial while also being enjoyable to encourage long-term participation. Tai chi shows promise as an intervention that offers physiological and psychological benefits while being well received.
